ABSTRACT
The known murine sarcoma *viruses are replication-defective (1, 2) . They depend upon the presence of an associated helper MLV for their replication, antigenicity and host range (1, 2) , while MLV is independent of helper (1-3). The sarcoma virus produced in the presence of helper virus is a phenotypically mixed virion or pseudotype, which is designated MSV(MLV) (2) . Infection by certain defective Abbreviations: Ki-MSV and Ki-MLV, Kirsten murine sarcoma virus and. leukemia virus, respectively; PR RSV, Prague strain of Rous sarcoma virus. M-MLV and M-MSV(MLV), Moloney murine leukemia and sarcoma-leukemia virus; H-MSV(MLV). Harvey murine sarcoma-leukemia virus; SSFV, spleen-focusforming Friend virus.
MSV(MLV) strains in the absence of helper viius leads to transformed nonproducer cells, which lack virus particles and viral antigens (1) (2) (3) (4) (5) . The genetic relationship between the known replication-defective murine sarcoma viruses and their respective helper leukemia viruses is not clear (1, 2, 6, 7, 8, 37) .
It is the purpose of this study to compare the RNAs of MSV and MLV. In the avian system, the RNAs of nondefective sarcoma viruses are larger than those of corresponding leukosis viruses (6, 26, 31, 35, 37) . However, in the murine system, there has been no evidence of physical differences between sarcoma and leukemia virus RNA, except for our preliminary experiments which suggested that Ki-MSV RNA is smaller than Ki-MLV RNA (6) . Experiments by others have suggested little homology between these two RNAs in one study (7) and over 50% homology in another study (8) .
A comparison of the RNAs of a defective sarcoma virus and a helper leukemia virus such as Ki-MLV and Ki-MSV is complicated because the defective Ki-MSV is of necessity in a mixture with the leukemia helper virus. Therefore, its RNA must be separated from that of the helper virus to be identified. The ratio of defective murine sarcoma viruses to that of their respective helper leukemia viruses is greatly influenced by the host in which the viruses are propagated (9, 10). Therefore, it was to our advantage to use a NRK rat-kidney cell line, which was infected and transformed by Ki-MSV(MLV) and which continuously produces Ki-MLV and Ki-MSV-(MLV) (11) with Ki-MSV(MLV) in excess (Klement, (11) (12) (13) (14) . When Ki-MSV and Ki-MLV are propagated together in the NRK rat cell line no. 58967 (11), a virus mixture is obtained which consists of Ki-MSV(MLV) and Ki-MLV. The amount of sarcoma virus pseudotype is always higher than that of leukemia virus, though the ratio varies in different virus harvests. In Table 1 an assay on NIH Swiss mouse 3T3 cells (15) of sarcoma virus by focus formation (16) and leukemia virus by plaque formation (17) demonstrates an excess of sarcoma virus of about 50-fold. In similar assays the excess of Ki-MSV(MLV) over Ki-MLV ranged between 10-and 100-fold. Although the efficiency of the two assay techniques may not be the same for each of the two viruses, it is likely that the assays give a sufficiently accurate estimate of the concentrations of biologically active Ki-MSV(MLV) and Ki-MLV in our virus stocks, particularly since both viruses were derived from the same NRK cells and were assayed on the same mouse indicator cell line. To exclude a possible host-cell influence, such as selection of virus variants or host modification, Ki-MLV propagated in the rat-kidney (NRK) cell line no. 5859 (Klement, unpublished) was used for comparison with Ki-MSV (MLV). This NRK line is chronically infected with murine erythroblastosis virus (12, 13) which has also been termed Ki-MLV (7). The line releases virus at a concentration of around 103 plaque-forming units/ml when assayed on NIH Swiss mouse 3T3 cells (17) .
Physical Properties of RNA of Ki-MISV(MLV) and of Ki-MLV. Sedimentation analysis of the RNAs of Ki-MSV(MLV) and Ki-MLV together with a standard of 31S tobacco mosaic virus RNA (18) is shown in Fig. 1 . The RNAs of both RNA tumor viruses were resolved into a fast sedimenting and slowly sedimenting species. The distribution was typical of MLV RNAs (19) (20) (21) (22) (23) and similar to avian tumor virus RNA (21) . However, the sedimentation coefficient of the fast sedimenting RNA component of Ki-MSV(MLV) was 55 S. This is lower than that of the fast sedimenting RNA species of Ki-MLV, which was 62 S based on the 31S tobacco mosaic virus RNA standard.
The 60-70S RNAs of all known RNA tumor viruses have a complex subunit structure, consisting of a major class of 30-40S RNAs and minor heterogeneous RNAs (21) . Therefore, the difference between the RNAs of Ki-MSV(MLV) and Ki-MLV could be due to differences in the superstructure of their 50-70S RNA complex or to differences in the primary structure of the major 30-40S class of RNA subunits. To decide between these possibilities, we dissociated the 50-70S complexes of the two RNAs into subunits and analyzed them by electrophoresis in polyacrylamide gels. The 50-70S RNAs of both viruses consist of a major 30-40S class and faster migrating heterogeneous RNAs ( Fig. 2A) , compatible with earlier analyses of MLV RNA (19-23, 38) . However, the major 30-Proc. Nat. Acad. Sci. USA 70 (1973) RNA species (B,A) (24, 35) . Heat dissociation of viral RNAs and electrophoresis in 2% bisacrylamide crosslinked-polyacrylamide gels were described (24, 35) .
40S subunit class of Ki-MLV RNA has a lower electrophoretic mobility than that of Ki-MSV(MLV) RNA.
The peak of Ki-MSV(MLV) RNA shown in Fig. 2A correct, the ratios of Ki-MSV(MLV) and Ki-MLV in our stocks of Ki-MSV(MLV) determined physically by analysis of their RNA ranged between >10:1 and 4:1 and those determined biologically ranged between 100:1 and 10:1 (see above and Table 1 (24) (Fig. 2B ).
The relative differences in electrophoretic mobility between the 30-40S species of Ki-MSV(MLV) RNA and Ki-MLV RNA were retained in formamide gels (25, 26) (Fig. 3) . Based on the 28S (1.9 X 106) and 18S (0.7 X 106) (27) ribosomal RNA markers, the molecular weight of dissociated Ki-MLV RNA is 2.5 X 106 and that of dissociated Ki-MSV(MLV) is 2.3 X 106 from their electrophoretic mobilities in buffered formamide (25) . However, these molecular weights must be considered as approximations only, because a linear logarithmic molecular weight-mobility calibration curve was not obtained for different RNA standards with molecular weights higher than 2 X 106 in the formamide gels used (26) . We conclude that the difference between the sedimentation coefficients of 50-70S Ki-NILV and Ki-MSV(MLV) RNA is due to a difference between the size of their major 30-40S class of subunits.
Recently an endogenous C-type RNA virus was isolated from NRK cells (28) . Therefore (Fig. 4, insert) after heat dissociation. The 30-40S class of RNA of endogenous rat virus was resolved into two peaks, neither of which coincided with the major 30-40S species of Ki-MSV(MLV) (Fig. 4) Oligonucleotide Fingerprints of RNAs of Ki-A1 MSV(MLV). To determine how the physically d of Ki-MLV and Ki-MSV(MLV) are related cl prepared oligonucleotide fingerprints. Appropr of 50-70S [32P]RNAs were subjected to exhaust with RNase Ti, which hydrolyzes RNA at residues and, subsequently, to two-dimensiona retic-chromatographic analysis (30, 31) . About 9 radioactivity appeared as a large black area in tI tion of the autoradiograph. This area represents t mixture of monocleotides and very small olig About 2-3% of the radioactivity of each RNA [20] [21] [22] [23] [24] [25] large RNase Ti-resistant oligonucleotide ular weights ranging from 6,000-12,000 (32) (Fig. 6,A-C Fig. 6 and unpublished) . The e-T1 digests of RNAs of higher electrophoretic mobility, present in each of JLV (B). The the three transforming virus preparations analyzed ( (33, 34) evolving into viruses by a process of somatic evolution, as proposed by Temin's protovirus hypothesis (34) .
